Alternative course formats are gaining increasing attention in higher education. The literature provides a number of examples and studies of flipped classrooms in the medical sciences and liberal arts and sciences. However, fewer than five papers on flipped classes in graduate public health courses have been published, and none in health management. Because graduate public health education is competency based, it seems that a flipped approach with its applied nature would be an appropriate form of teaching public health courses. This paper describes three successfully flipped courses taught in a school of public health. We provide a rationale for flipping, description of each course, and lessons learned. Once some of the challenges are overcome, we believe flipping courses can provide an alternative approach that enhances active learning in applied, public health, and health management courses.
introduCtion
Alternative formats of course delivery such as online, hybrid, and flipped continue to gain popularity. Definitions of flipped courses vary, but in general, lectures are viewed and supplemental readings are done outside of classroom time to gain basic knowledge. In-class time is reserved for active learning such as activities and assignments (that would traditionally have been homework) (1) (2) (3) (4) (5) (6) . Flipped courses force students to no longer be passive observers, but active participants in learning (6, 7) .
There is increasing evidence about the benefits of the flipped classroom in higher education in undergraduate and graduate education. The flipped approach can stimulate increased studentteacher interactions (5) and promote active learning and problem solving (8, 9) . This approach enhances critical thinking skills (10) (11) (12) (13) by forcing students to engage with the course material at a deeper level than with traditional classroom approaches, and it can respond to Millennials' faster paced thinking and information processing (14) . Recorded lectures allow students to review the didactic information on their own time (15) . Flipped classrooms use time more efficiently as learning occurs through application of the concepts (provided in the recorded lectures and supplemental readings) during class time (16) (17) (18) .
The current literature provides an abundance of papers that describe or measure the impact and/or satisfaction with flipped courses in higher education. Although our literature search found that flipped classrooms were reported in a variety of health and liberal arts courses, only three articles were written about courses in public health programs or schools of public health, all at the graduate level, and none in graduate health administration (8, 19, 20) . Accredited public health and health administration education is competency based, that is, it intentionally prepares students with knowledge, skills, and attitudes appropriate for the jobs for which they are being trained (21, 22) . The competencies on which MPH and MHA programs are developed typically follow the guidance of accrediting agencies, such as the Council on Education in Public Health (CEPH) or the Commission on Accreditation of Healthcare Management Education (CAHME) (21) . A competency-based approach trains students to be able to adequately function in their profession upon graduation. Students are trained to "do" as opposed to merely "know" or "believe" (21) .
Since the flipped classroom focuses attention on the application of didactic information presented in recorded lectures and supplemental reading (9, 23) , it seems this approach would be useful in preparing students to be competent in their fields of study.
We flipped three types of graduate public health and health management courses (survey/theory, methods, and project based) to allow more in-class application time, given our accredited programs' directive to enhance student competency. In this paper, we describe the purpose, methods, and evaluation of the courses. We describe the challenges of converting the courses from traditional face-to-face to the flipped format. Finally, we list the lessons learned from our experiences.
metHods overview of Courses
The primary purpose for flipping the courses was to allow for more application of concepts (theory, statistical tools, and project planning) by spending more classroom time actually applying the material followed by in-depth discussions about the rationale for using the concepts.
The courses described below are taught in a CEPH accredited school of public health, and one in a CAHME accredited program; therefore, the courses are developed based on a set of program competencies (Table S1 in Supplementary Material). The MPH competencies follow CEPH guidance, as well as faculty, alumni, and community partner input. The MHA competencies were developed by faculty in the program, alumni, and community partners and are known to be one of the three most broadly accepted competency models in the health management field (24) . Programmatic competencies drive the development of the curriculum. Each course identified associated learning objectives that drive teaching strategies and assessment. We list the competencies, associated learning objectives, teaching strategies, and assessment for each course in Table 1 .
Each course conducted a mid-semester review either by the professor (BSH5000) or by the university teaching center (BST5000 and HMP5430). Such reviews are important to assess the progress of student learning and to inform course-corrections, especially when piloting a pedagogical change like the flipped format. Because recorded lectures are unidirectional, intermittent reviews and feedback sessions help compensate for this, enabling the instructor to make adjustments to better meet students' needs. Each of the courses required fine-tuning to better meet students' needs and improve their competency achievement. For example, the midcourse assessment suggested that a short review of the lecture and reading material at the beginning of class would be useful, and therefore was incorporated into each class session.
Course Faculty
The courses that used the flipped approach were taught by fulltime faculty in the College. 
BsH5000: Behavioral science in Public Health

Type of Course
This is a required survey course for all MPH students, which introduces concepts, principles, and theories of behavioral science and health education in public health. The course uses a socialecological framework to organize the six main theories presented in the class. Students study the purposes and constructs of each theory and learn to apply the theories to either understand public health problems or develop interventions. The course introduces students to the importance of community engagement when addressing public health problems as well as program evaluation to determine impact.
Traditional Course Format
The traditional course was lecture based. Students prepared by reading the book chapter(s) and/or articles and were required to submit a question or comment on each reading. The questions guided in-class group discussion. On occasion, an exercise related to the course content was used in class, but these were often truncated because of time constraints. Students wrote short reports on theory application and created a theory-based intervention for the final project.
Method of Flipping
All lectures were recorded by teaching faculty and made available to students a week prior to class. The expectation was that students watched the recorded lectures, read the accompanying book chapter and articles, and read or watch any additional materials for the week's lessons. In addition, the students submitted weekly questions/comments (as they did in the traditional format), which then guided the discussion that occurred at the beginning of each class. Lectures addressed one topic, were 30 min or less, and provided an associated PowerPoint presentation. Class time was spent primarily on exercises that helped students learn to apply the course material in real world and public health situations. For example, when studying the transtheoretical model (TTM), students participated in a group exercise to develop survey items and intervention strategies based on the TTM specific to a public health issue. On large flipchart note paper placed around the classroom, they developed a survey question that assessed a stage of change or an intervention strategy specific for the stage. Once completed, the students critiqued their colleagues' work, which stimulated relevant discussion. To further assess student competency, they were required to present an application of a theory and develop a theory-based intervention for the final project.
Course Evaluations
The Individual Development and Educational Assessment (IDEA) course evaluation system used by the college reports a "progress Group cases/activities on relevant objectives" score, which is a weighted average of student ratings of the progress they reported on objectives preselected by faculty as important or essential (IDEA). The IDEA course evaluation system provides scores that reflect the students' perceptions of how well they achieved the course objectives, as well as their perceptions of the quality of the course overall, and the instruction (25) . Table 2 lists the results of the IDEA scores for each course taught in a traditional and flipped format.
For the BSH5000 course, scores on "progress toward relevant objectives" decreased slightly when the flipped course was implemented, but remained higher than 4.0 (on a 1-5 scale). Both, overall course and teaching ratings, improved when taught in the flipped format.
Qualitatively, students commented that they appreciated the ability to use the lectures for review and reinforcement. They also believed the application and discussions components significantly enhanced their learning.
Bst5000 Principles of Biostatistics
Type of Course
The introductory biostatistics methods course is taken by all students in the first year of their MPH studies. The course introduces students to fundamental topics in applied statistics, such as basic probability and descriptive statistics, t-tests, one-way ANOVA, chi-squared test for independence, and McNemar's test for paired data, correlation, and linear and logistic regression. Within these topics, students learn about conceptual issues such as sampling methods, multiple comparison problems, and interpretation of statistical results.
Traditional Course Format
The traditional BST5000 course was heavily lecture based. Meetings generally started with a brief in-class quiz covering material from the prior week. Students would then listen to a lecture for the remaining part of the class, possibly with some in-class activity. Weekly assignments consisted of a mix of approximately 10-15 textbook problems and instructor-created problems derived from the week's material and were due the following week. Two assignments were more in-depth "labs" for which students were asked to handle larger data sets with more complicated, in-depth questions that required students to synthesize multiple weeks' worth of content.
Method of Flipping
The flipped format includes approximately three lecture videos (accompanied by a PowerPoint presentation) per week to be watched prior to class. Each video ranges from 5 to 15 min, covers the mechanics of a single statistical method, and is followed by a short multiple choice quiz. All videos were created by the teaching faculty. Students read from the required textbook, as well. In class, students receive a brief in-person review tying together the conceptual links among the video lectures. Students then begin working on a weekly assignment or lab similar to that in the traditional course, which they finish as homework outside of class.
Course Evaluations
The raw scores improved for all three indicators on the IDEA system, compared to scores for the traditional course taught the previous year ( Table 2) .
Qualitatively, students reported using the video lectures both as preparation for class and as review material for the course exams and future exams. Students also saw the in-class time working together as beneficial for making connections with other students, learning to use statistical software, and completing class work.
HmP5340 Healthcare marketing
Type of Course
The healthcare marketing course is a required project-based course taken by MHA students. The class includes a semesterlong group project in which students act as junior management consultants to produce a comprehensive strategic marketing plan for a health-care organization client.
Traditional Course Format
The course was historically lecture based, with short, infrequent discussions or project work times, and a few guest speakers from industry. Outside of regular class time, students were expected to read the text and complete individual and group homework assignments, including working on the marketing plan project. In class, students simply listened to the lecture, took notes, participated in limited discussions, and took exams.
Method of Flipping
Recorded lectures reinforced the concepts from the week's assigned reading and were 30 minutes or less per recording. All lectures were developed by the primary faculty teaching the course. Students were expected to have read the text and viewed the recorded lectures before each face-to-face class.
After flipping the class, the in-class sessions included summary lectures, with emphasis on discussion to better engage students. Students worked in groups on case studies that exemplify that week's course content. Students also worked in class on their group projects. During project work sessions, the professor acts in the role of senior consultant and circulates among the teams to answer questions and help them progress. The student teams, playing the role of junior consultants, report to their senior on the progress they have made on their clients' projects every 14-21 days. During the semester, one such milestone report is given in front of the class, and the others are scheduled at the professor's office. The course content is aligned with the milestone reviews. At the end of the semester, the groups present their proposals to the class, often with client representatives in the audience. The flipped format also permits additional marketing guest speakers from industry, and now represents all the major subsectors of the health-care industry.
Course Evaluations
During the first year, the class was taught in a completely flipped format, the raw scores for "Progress on Relevant Objectives" and student satisfaction with the professor dropped (compared to the last year the class was taught in traditional format). Very few of the qualitative comments students submitted in the IDEA evaluations pertained to the flipped format, but the ones that did were unhappy about the recorded lectures, relatively unstructured in-class sessions, and quantity of work in the class. The university teaching center provided consultation on improving the course. In-class time was better structured, using Q&A to directly tie the recorded lecture material to students' group projects. The professor also more clearly structured the milestone checkpoints for the semester-long project, and worked with groups during class time to provide guidance and help them ensure deliverables were met on time.
By the second and third years teaching the class in a fully flipped format, the professor had integrated students' responses and the teaching center advice from the first year. IDEA scores improved from the first year the course had been flipped and were approaching the levels when the class was taught in the traditional format ( Table 2) . Qualitatively, student comments indicated that the class format and structure were appealing, interactive, engaging, and realistic, and the flipped format allowed them to go back to lectures as needed.
disCussion
This paper describes how three public health courses with varying purposes were successfully flipped. The courses were flipped primarily to allow more classroom time for applied activities and learning as a way for students to better gain greater competence. In general, course evaluations indicated that the flipped format was a positive way to help them make progress on the relevant course objectives, i.e., enhance their competence to execute the necessary skills to perform well in their profession. For example, the flipped format gave the biostatistics faculty more time for explaining how to interpret and use data, i.e., to help students hone their ability to turn the numbers into words. Students appeared to demonstrate more complete and critical thinking about how the data can help guide public health solutions. The course changed from a traditional methods course to a solutions-based course. Likewise, the increased in-class time for application in BSH5000 and HMP5340 allowed instructors to assess student learning and make corrections in real time. In BSH5000, this resulted in a number of "ah-ha" moments among students as they came to understand how theory is a useful tool in public health practice. In HMP5340, student competencies were reinforced through more guest speakers providing real-life cases that exemplified the class material. They also made faster progress on their marketing plans and were less frustrated with questions and ambiguities on their projects, since they had in-class time with the professor every week.
This paper was conceptualized after the courses were taught and an evaluation beyond the IDEA evaluation was not planned a priori. However, there is extant theoretical framework that may help to explain our observations. Based on work by Bransford and colleagues (26) , learning takes place when students understand the information deeply, understand the information in context, apply the information, and organize it for easy retrieval. It is suggested that the effectiveness of flipping is because students can apply knowledge and organize it in such a way to be able to hold it for future use. Flipping allows students to take control of their learning, and thereby deepening its retention (27) . More evaluation research on public health courses should be conducted to test this premise.
Flipping courses does not, however, come without challenges. Perhaps, the greatest challenge is increased time both in preparation (2, 9, 28, 29) and during the course. Finding or developing a variety of creative activities that relate to the competencies, while keeping students engaged and productive, requires a significant time investment (29) . It is also time-consuming for faculty to master the university's learning management system, necessary for flipping a course. Balancing the amount and quality of the recording, while addressing the students' learning needs is often a new skill that requires additional time (30) . In addition, flipped courses can result in increased faculty time outside of class with students who do not comprehend the online lectures.
We learned several important lessons related to flipping the courses and provide practical applications related to them below.
• Teaching scores may be impacted both positively and negatively by flipping classes. Although the "progress on objectives" score slightly declined in the theory course, the score remained above 4 or a 5-point Likert scale, which indicates that students perceived substantial progress toward meeting the course objectives. The "overall course" and "instructor" ratings improved in the flipped format for the theory course.
We believe this was due in part to the use of brief, to-the-point recorded lectures. Students preferred this approach versus the traditional, hours-long lectures that could frequently stray from the main points. All three metrics improved in the biostatistics courses. The HMP5340 scores were improved after working with the university teaching center, suggesting that careful transition planning is important when considering flipping courses. It is not enough to simply convert your lectures to an online format (31, 32).
• There are numerous resources available to faculty for identifying creative activities to use during the classroom time.
Most large universities provide a teaching center that can be an excellent first step in the transition process. Center staff can provide information and training in specific teaching techniques and modalities that are appropriate for the flipped classroom. Working with the center can also reduce preparation time for faculty. Those without centers can find a number of online resources that will be useful for a conversion. Our experience with our teaching center proved to be an important resource to enhance the courses.
• Faculty should allow ample time for the preparation and conduct of flipped courses (2) . Lectures need to be re-written so that they are short, relevant, and stay on point. In class activities must be relevant to the recorded lecture and other assigned materials and keep students engaged. In addition, faculty should budget additional office hours (or engage a teaching assistant) to meet with students who may struggle with the more unidirectional recorded lecture approach. However, our experience indicated very few students struggled with the flipped format, especially once we modified the in-class sessions to provide a short summary lecture/discussion in the beginning of the class.
• Faculty should consider using the tracking tool on their learning management systems to track student preparation, particularly after receiving and acting upon student feedback. With less face-to-face feedback, it is more challenging to ascertain which lectures and assignments are resonating with students. By using this tool, faculty are able to understand and address students' compliance to assignments in preparation for the in-class portion of the course. By addressing these issues early, the faculty can incorporate incentives for students to prepare and participate. For example, by using the tracking function, we learned that students in one class were relying more on the brief face-to-face lectures at the beginning of each class (that were instigated after the mid-course reviews) rather than the recorded lecture and assignments. Subsequently, the short face-to-face lectures were modified to question and answer sessions.
• Some students will be dissatisfied with a flipped approach (9, 33, 34) . The increased class time devoted to application, however, can help students see its impact on building their competency. When they realize the flipped format can better prepare them for future courses and/or jobs, it helps them connect the flipped class approach and their learning.
There are limitations inherent in this research pilot. Because we did not set out to evaluate the flipped approach in these courses, we did not plan for a way to systematically measure its impact. Rigorous evaluation studies should be conducted to determine effectiveness by types (survey, methods) and levels (introductory, advanced) of courses taught in schools of public health as a way to add to the evidence for its use. By doing so, we can improve our understanding of when the flipped approach is most effective and, therefore, provide guidance for generalizability. Additionally, the educational settings and/or learning objectives related to the three courses described here may limit the generalizability of our findings in other types of courses.
Flipped classrooms are likely to become increasingly common as we learn more ways to increase their effectiveness and the efficiency of our teaching. Public health and health management programs base their curricula on the development of student competencies, and the flipped format can be a useful tool for competency building in a variety of course types. We believe the flipped approach can be constructive in helping students achieve success in the public health and health management professional fields through developing competencies that will enhance their job performance early in their careers.
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